Abstract. This special topics issue is a collection of contributions on the recent developments of control and synchronization in time delayed systems and space time chaos. The various articles report interesting results on time delayed complex networks; fractional order delayed models; dynamics of spatio-temporal patterns; stochastic models etc. Experimental analysis on synchronization, dynamics and control of chaos are also well investigated using Field Programmable Gate Array (FPGA), circuit realizations and chemical reactions.
the websites act as link. In Social network the nodes are the people and links exist in form of friendship, professional collaboration, political alliances etc. In Internet, the nodes are the routers and the links represent electrical connections between the nodes. CN is also used as an alternative tool to understand the dynamical pattern of different real time systems [3] . Recently CN with time delays are implemented well in synchronization and control problems [4, 5] .
CN can be constructed from time series and so can also be used in the time series analysis. Once a CN is constructed from a time series, different statistical measuresdegree distribution of nodes [7] , small world property [6] , clustering coefficients and assortativity coefficient [9] , degree centrality, eigenvector centrality [9] and such others are used to properly characterize the system generating the time series data. In the past few years, several researches regarding the application of CN to the study of time series have been [10] [11] [12] implemented. Networks formed from chaotic time series are found to possess small world and scale free characteristics, while noisy time series correspond to the characteristics of a random graph [10] . The formation of CN has also been done from financial time series by many researchers [13] . These types of CN's have the capability to explain different characteristics of the financial data that includes stock returns, global stock markets and securities markets data.
In many large scale networks, sometimes it can be observed that the average distance between the nodes is very small compared to the size of the graphs. The average shortest path (distance between the nodes) length among all possible pair of nodes in the network is known as average distance between vertices. Such large scale networks are said to have small world properties [6] . Small world actually means that it is possible to reach one node from any other in the network through a very small number of intermediate nodes. Thus, small world property exists in a network if the average distance scales logarithmically with the number of nodes. Most of the sociological networks possess this small world property, where it is often called "six degrees of separation". Figure 1 is an example of clusters in CN. It represent clustering coefficient of different countries under four different marker scenarios. In a more detail, the tendency of forming cliques (triangle) in the complex network constructed on the basis of worldwide GDP data. The more is the value of clustering coefficient, more is the tendency of forming cliques. This ultimately means that the economical policies, political and sociological environment, climate of the countries are more similar that leads to similar GDP.
The data are the country-level population and Country-level Gross Domestic Product (GDP), which are downscaled projected based on Special Report on Emissions Scenarios (SRES) with A1, A2, B1, B2 marker scenarios. The present SRES GDP projections for individual countries are downscaled out to 2100 by using regional growth rate method, where the regional GDP growth rates were calculated from the marker model (A1, A2, B1, B2) regional data and applied uniformly to each country that fell within the SRES's defined regions.The whole data and information are collected from a Data Centre in NASA's Earth Observing System Data and Information System (EOSDIS) hosted by Center for International Earth Science Information Network (CIESIN) at Columbia University.
For the past several years, increasing investigations on controllability and synchronization have been carried out in different forms of complex networks. Various approaches also have been proposed on how to deal with synchronization in complex networks. Many systematic results have been carried out with respect to the models [18] , the methods and the different approaches for handling synchronization of complex networks [19] [20] [21] . Among the various analyses, the following are the few recent investigations related to synchronization in complex networks: robustness of synchronization in complex networks; controllability of complex networks; explosive synchronization of complex networks; consensus clustering in complex networks; Recurrence based networks etc.
The concept of deterministic chaos in finite dimensional ODEs has been extended to spatially extended systems described by infinite dimensional PDEs, a system with spatial structures. Spatio-temporal chaos can be observed in Ecological and Biological models, Semiconductor device, Laser and Plasma models [14] [15] [16] [17] . Synchronization and control phenomenon can also be investigated well in specially extended systems [22] .
This special issue on Synchronization and control in time delayed complex networks and spatio temporal patterns, consists of 19 original regular research articles. Each contribution refers to recent developments of synchronization and control using spatio temporal, time delayed and other systems. Several analytical and experimental results are combined together. The articles can be grouped into four categories, namely 1. Synchronization and control in time delayed and other networks [23] [24] [25] [26] [27] [28] [29] [36] [37] [38] [39] [40] [41] .
In [23] the author studied scale free networks with Kuramoto oscillators. The existence of a chimera state during cluster explosive transitions to a synchronization regime is also presented.
In [24] , the authors studied a model of Hindmarsh-Rose relay neurons with time delay coupling in chain and star topologies. It has been observed that the strength of environmental coupling with the central neuron plays an important role in inducing synchronization and de-synchronization between the outer neurons. The effect of network-level synchronization with Izhikevich neuron under external periodic signals is reported in [25] . Phase lag synchronization with Izhikevich neuron is also investigated in [26] . The results are useful to study synchronization in complex networks where the nodes are composed by another complex system.
In [27] , the authors investigated projective lag synchronization in dynamical networks with identical and non identical nodes. Adaptive control and parameter updating laws have been implemented to design the synchronization. Sufficient conditions for synchronization are also derived analytically.
In [28] , the authors studied a stochastic Lorenz system with a modulated time delay. Induced synchronization with white and colored noises are observed between two identical uncoupled systems with unidirectional coupling. This phenomenon has been extended to a globally coupled network in the presence of white and color noises.
In [29] , the changes in the structure of a neuronal network with the Izhikevich model has been investigated to achieve strong synchronization to simulate episodes of epileptic seizure.
Articles [30] [31] [32] are on fractional systems with time delay. In [30] the authors have investigated controllability results for fractional order stochastic dynamical systems with distributed delayed control and Poisson jumps. In [31] , the authors presented synchronization network with ring topology using fractional order Lorenz system. A feedback delayed controller has been used to control the system. Numerical results with different parameters are effective to justify the analysis. The analysis in [32] is based on filtering for time delay fractional systems when the constant time-delay is entered in the observation signal. Numerical simulations justify the proposed analysis.
The next section is on experimental observations based on time delayed and other systems [33, 34] . In [33] , the authors proposed a synchronization scheme and implemented with FPGA analysis. In [34] , the authors investigated a novel memristive time delay chaotic system. The dynamics of the system has been investigated using analytical, simulation and experimental observations with circuits.
This research in [35] involves digital mammograms represented in spatial domain and brings out the spatially-localized distributional change in the form of intensity variations over a time period for each patient, which additionally analyzes the temporal data set of current and prior of six different patients with breast cancer. The simulation part is done with real data.
The last section contains dynamical properties, synchronization and control in various stochastic and deterministic models [36] [37] [38] [39] [40] [41] . In [36] the dynamical regimes has been investigated, which may be observed in an ensemble of inhibitory coupled Rulkov elements depending on coupling values. Experimental observation have been implemented, where all specified types of neural activity and effects of inhibitory network related to the regimes.
In [37] the complexity of a chaotic systems perturbed by noise and various signals has been investigated using weighted recurrence entropy. Synchronization phenomenon in presence of noise has also been observed by mean conditional recurrence.
In [38] , networks of coupled nonlinear oscillators with white Gaussian noise have been investigated analytically. They have shown that noise can prevent phase locking of oscillators, by producing phase diffusion and also the noise can favor synchronization.
In [39] the main aim is to study a new generalized-type of chaos synchronization in continuous-time systems with different dimensions. This type of synchronization occurs between heart and lung, where one can observe that both circulatory and respiratory systems behave in a synchronous way, but their models are essentially different and they have different order.
The coupling and control adaptation of a hybrid electron-nuclear spin system using a laser mediated proton beam in MeV energy regime has been investigated in [40] . The effect of delay time is also considered in the analysis.
In [41] the authors proposed to implement a NOR gate, a universal Boolean gate, using the BZ reaction by compartmentalizing the reaction into droplets coupled via inhibition. Numerical observations has been done with a chemical model, also experimental results support the analysis.
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